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(54) Cold-cathode tube lighting circuit with protection circuit for piezoelectric transformer 



(57) To provide a cofd-cathode tube lighting circuit 
which quicWy and smoothly carries out lighting of a cold- 
cathode tube and prevents damage of a piezoelectric 
transformer as an inverter transformer in the lighting cir- 
cuit, the lighting circuit is provided with a protection cir- 
cuit for detecting a primary current of the piezoelectric 
transformer. The protection circuit stops operation of an 
oscillator for driving the piezoelectric transformer when 
the primary current is excessive. The protection circuit 
may be provided to detect excess of a secondary volt- 
age of the piezoelectric transformer. When the cold- 



cathode tube is used as a backlight for a liquid crystal 
display driven by the use of a scanning frequency, a 
dimmer circuit is used tor producing a dimmer signal 
with a dimmer frequency and a controlled duty ratio 
given by a manual selector for controlling start and stop 
of the oscillator according to a desired brightness of the 
backlight. The dimmer frequency is obtained from fre- 
quency division of the scanning frequency. The control- 
led duty ratio is also modified corresponding to the 
divkJed frequency. 
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to produce a detection signal dependent on the cmrent 
detected, the voltage controlled oscillator t>eing control- 
led in the osciliating frequency by the detection signal; 
and a protection circuit for protecting the piezoelectric 
transformer in response to a load inipedance of said 
piezoelectric transformer. 

[001 7] Preferably, the coW-cathode tube lighting circuit 
further comprises a dimmer circuit for producing a dim- 
mer signal with a dimmer frequency and a controlled 
duty ratio corresponding to a desired brightness of the 
cold-cathode tube. The voltage controlled oscillator is 
controlled by the dimmer signal to intermittently operate 
every ON duration of the dimmer signal. 
[001 8] The cold-cathode tube may be a backlight for a 
liquid crystal display by scanning by a driving signal 
under a scanning frequency. Preferably, the cold-cath- 
ode tube lighting circuit further comprises a frequency 
divider to be connected to the liquid crystal display for 
frequency-dividing the scanning frequency to produce a 
divided signal with a divided frequency. The dimmer cir- 
cuit is responsive to the divided signal and produces the 
dimmer signal having the divided frequency as the dim- 
mer frequency. 

[001 9] Preferably, the cold-cathode tube lighting circuit 
further comprises a frequency voltage converter con- 
nected to the frequency divider and responsive to the 
divided signal for producing a voltage signal corre- 
sporxiing to the divided frequency The dimmer circuit is 
responsive to the voltage signal and modifies the con- 
trolled duty ratio so as to maintain the desired bright- 
ness of the cold-cathode tube under a change of the 
scanning frequency. " 

Brief Description of The Drawings: 

[0020] 

Fig. 1 is a circuit diagram showing a cold-cathode 
tube lighting circuit comprising an inverter using a 
piezoelectric transformer known in the prior art; 
Fig. 2 is a block diagram showing a cold-cathode 
tube lighting circuit corr^islng an inverter using a 
piezoelectric transformer known in the prior art; 
Fig. 3 is a block diagram showing a cokJ-cathode 
tube lighting circuit having a protection circuit 
according to an embodiment of the present inven- 
tion; 

Fig. 4 is a block diagram showing a coU-cathode 
tube lighting circuit having another protection circuit 
according to another embodiment of the present 
invention; and 

Rg. 5 is a block diagram showing a coU-cathode 
tube lighting circuit having a light control circuit 
according to another embodiment of the present 
invention. 



Description of preferred Embodiments: 

[0021 ] Prior to description of preferred emlxxjiments. 
description will be made as regards two types of a con- 
5 ventional cold-cathode tube lighting circuit with refer- 
ence to the drawing. 

[0022] Referring to Rg. 1 , an inverter 1 used in a con- 
ventional cold-cathode tube lighting circuit uses a piezo- 
electric transformer 11. When a DC voltage +Vc is 

10 applied to an input port of the inverter 1, a switching 
transistor or driving transistor 5 turns on so that an out- 
put voltage of the driving transistor 5 is applied to a pri- 
rmry side of the piezoelectric transformer 1 1 through 
input terminals 2 and 3. As a result, a primary current 

IS flows through a voltage divider resistor 6 for detecting 
an output. 

[0023] A voltage across the voltage divider resistor 6 
caused by the primary current is amplified by an ampli- 
fying tFEuisistor 7, and then controls switching of the 

20 driving transistor 5. In this manner, the switching fre- 
quent of the driving transistor 5 follows a resonance fre- 
quency of the piezoelectric transformer 11 to maintain 
the seK-oscillation so that a cold-cathode tube 50 con- 
nected to an output terminal 4 of the piezoelectric trans- 

25 former 1 1 can be lighted. 

[0024] The cold-cathode tube lighting circuit has a 
problem at the start or-power-on condition as described 
in the preamble. 

\p02S\ Referring to Fig. 2. there is shown another type 

30 of the known lighting circuit which is used for lighting a 
cold-cathode tube (C.C.T.) 50 as a backlight of a liquid 
aystal display 40. The lighting circuit has an inverter 10 
which comprises a piezoelectric transformer 1 1 . a volt- 
age controlled oscillator (V.C.O.) 12, a control voltage 

35 supply circuit 1 3, a driving circuit 1 4. and a cold-cathode 
tube (C.C.T.) current detecting circuit 15. The lighting 
circuit further has a dimmer circuit 20 with a manual 
selector or adjuster 21 for producing a dimmer signal for 
burst controlling the luminescence of the cold-cathode 

40 tube 50 so as to control the brightness thereof. 

[0026] After the power VCC is turned on. the voltage 
controlled oscillator 12 produces an oscillating signal 
with an oscillating frequency determined by a control 
voltage given from the control voltage supply circuit 13. 

45 The osctilating signal is supplied to the driving circuit 1 4 
and switches a switching transistor therein to apply a 
switched power as a primary power to the primary side 
of the piezoelectric transformer 1 1 . Therefore, the oscil- 
lating frequency is a switching frequency. A secondary 

so output of the pezoelectric transformer 1 1 is applied to 
the cold-cathode tube 50 for lighting its Then, a low cur- 
rent flows through the cold-cathode tube 50. The cur- 
rent is detected as a detected voltage signal at the cold- 
cathode tube current detecting circuit 15. In detail, the 

55 cold-cathode tube currant detecting circuit 15 com- 
prises a resistor connected to the cokj-cathode tube 50. 
and a rectifying and smoothing circuit connected to the 
resistor An AC voltage is generated across the resistor 



3 



7 



EP0 910 229 A2 



8 



predetermined timer operating time of. for example, sev- 
eral seconds. The timer circuit 31 is released when the 
cold-cathode tube current is detected at the cold-cath- 
ode tube current detecting circuit 15 before the timer 
operating time is expired. On the other hand, unless the $ 
cold-cathode tube current is detected during the timer 
operation, the timer circuit 31 produces a timer signal 
when the timer operating time has expired. The timer 
signal is supplied as anotfier stop signal to the voltage 
controlled oscillator 12, Thus, the voltage controlled w 
oscillator 12 stops delivering its output to the driving cir- 
cuit 14. 

[0035] Referring to Fig. 4, the lighting circuit shown 
therein in in a nnodification of the drcuit of Fig. 3. In 
detail, the protection circuit detects not the primary cur- is 
rent of the piezoelectric transformer 1 1 but the second- 
ary voltage of the piezoelectric transformer 11. as 
shown at 30*. When the protection drcuit 30* detects an 
excess voltage over a predetermined voltage on the 
secondary side of the piezoelectric transformer 1 1 the 20 
protection circuit 30' produces the detection signal. The 
protection circuit 30* comprises a voltage comparator 
which has two inputs connected to a secondary output 
of the piezoelectric transformer 1 1 and a reference volt- 
age source, respectively, and an output. When the sec- 2s 
ondary output voltage of the piezoelectric transformer 
1 1 is excessive the reference voltage, the detection sig- 
nal is produced on the output. The detection signal is 
supplied as the stop signal to the voltage controlled 
oscillator 12. Bnd therefore, the voltage controlled osdl- 30 
lator 12 stops oscillation. 

[0036] Referring to Fig. 5. the cold-cathode tube light- 
ing circuit shown therein is similar to the lighting circuit 
of Rg. 2. but provision of control of the diner circuit 20. 
The similar portions are denoted by the same reference 35 
numerals and description thereof is omitted for the pur- 
pose of simplification. 

[0037] The cold-cathode tube lighting circuit is pro- 
vided with a connection terminal 22 to a liquid crystal 
panel module 41 of the liquid crystal display 40 and 40 
receives a driving signal of the liquid crystal display from 
the liquid crystal panel module 41 connected thereto. 
The coid-cathode Cube lighting drcuit had a frequency 
divider drcuit 23 which is applied with the driving signal 
of the liquid crystal display 40 from the module 41 and 45 
divides its scanning frequency to produce a signal hav- 
ing a divided frequency (the signal is hereinafter 
referred to as a "divided signal"). The dividing ratio can 
be properly determined depending on necessity. The 
divided signal is supplied to the dimmer circuit 20. so 
[0038] The dimmer circuit 20 canies out a waveform 
conversion (or waveform shaping) of the divided signal 
into a triangular wave signal of the see divided fre- 
quency and further can-ies out another waveform con- 
version from the triangular waveform signal into a ss 
square wave signal. Before the waveform conversion 
into the square wave signal, the reference level of the 
triangular wave is adjusted using a duty ratio set by the 



manual selector 21. Accordingly, the converted square 
wave signal has the duty ratio corresponding to a 
desired brightness, in this manner, the dimmer signal is 
supplied to the control voltage supply circuit 13 to con- 
trol the brightness of the cold-cathode tube 50. 
[0039] Since the frequency of the dimmer signal is 
synchronous with the driving scanning frequency of the 
liquid crystal di^lay. the interference fringes are pre- 
vented from appearing on the cBsplay screen. Furtfier. 
the frequency of the dimmer signal is synchronized with 
the scanning frequency of the liquid crystal display only 
by connecting the liquid crystal panel module 41 to the 
cold-cathode tube lighting circuit. Therefore, it is advan- 
tageous that no setting change or adji^ment of the fre- 
quency of the dimmer signal is necessary even relative 
to a liquid crystal display having a different scanning fre- 
quency. 

[0040] It will be noted that, when the dimmer fre- 
quency changes under a constant duty ratio, the sum of 
ON times for a unit time does not l>ecome constant. 
Accordingly, the time-averaged luminous intensity, that 
is, the brightness, of the cold-cathode tutoB SO does not 
become constant. Therefore, there is an inconvenience 
that even if the manual selector 21 is adjusted to a same 
duty ratio according to the same brightness, the bright- 
ness of the cold-cathode tube 50 is not controlled to the 
same brightness in case of a liquid crystal display hav- 
ing a different scanning frequency. 
[0041 ] For solving such inconvenience, the cold-cath- 
ode tube lighting circuit further includes a frequency- 
voltage conversion circuit (f-v converter) 24. The f-v 
converter 24 is applied with the divided signal from the 
frequency divider circuit 23 and converts it into a voltage 
signal corresponding to the frequency thereof. This volt- 
age signal is supplied to the dimmer drcuit 20. 
[0042] In response to the voltage signal, the dimmer 
drcuit 20 modifies the reference level selected by the 
manual selector 21 so that the duty ratio of the dimmer 
signal is modified in dependence on the dimmer fre- 
quency for the same desired brightness selected by the 
manual selector 21. Therefore, with no relation to the 
scanning frequency of the liquid crystal display 40, the 
actual brightness of the cold-catiiode tufc^e becomes 
constant for the same operation of tiie manual selector 
21. The cold-catiiode lighting circuit of Fig. 5 can also 
provide with the protection drcuit 30 and the timer 31 
described in connection with Rg. 3, as shown by imagi- 
nary lines and blocks with same reference numerals in 
Rg. 5. The protection drcuit 30* shown in Rg. 4 can also 
be used in place of the protection drcuit 30. 

Claims 

1. A cold-cathode tube lighting drcuit for lighting a 
cold-cathode tube (50) which conprises: 

a piezoelectric transformer (11) having a given 
resonance frequency for producing an AC out- 
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prises a piezoelectric transformer (11) having a 
given resonance frequency for producing a lighting 
voltage for the cold-cathode tube (50). a voltage 
controlled oscillator (12) oscillating at a frequency 
near said resonance frequency a driving drcuit $ 
(14) for driving said piezoelectric transformer in 
response to an output of said voltage controlled 
oscillator (1 2). and a back light current detection ar- 
cuit (1 5) for detecting a current flowing through said 
cold-cathode tut>e (50) connected to said piezoe- w 
lectric transformer (11), said voltage controlled 
oscillator (12) being controlled in an oscillation fre- 
quency by a d^ection signal from said t^ack light 
cunrent detection circuit (15). and said voltage con- 
trolled oscillator (12) being also controlled to start is 
and stop its operation by the dimmer signal from 
said dimmer circuit (20). 
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